The authors report on a 14 years old female with intracranial hypotension who had a history of spinal instrumentation surgery for scoliosis 3 months prior to her admission. She had been diagnosed with migraine in a neurology clinic and was under medical therapy when presented. During the investigation process, a right thoracic pedicle screw, which was penetrating and transversing the dura mater at the T3-T4 level was identified. The diagnosis and management of such a case is discussed. Knowledge of this entity is of extreme importance to spine surgeons, in order to prevent delayed diagnosis and possible complications.
Introduction
Intracranial hypotension (IH) secondary to cerebrospinal fluid (CSF) leakage is an increasingly recognized problem, characterized by orthostatic headaches, typically aggravated in the erect position and ameliorated by lying down. Other symptoms such as nausea, vomiting, tinnitus, vertigo and cranial nerve palsies may also be encountered during the clinical course [5] . IH may occur spontaneously or after a variety of interventions such as lumbar puncture, chiropractic manipulation or spinal surgery [3, 6] . There are limited numbers of reported IH cases following spinal surgery, which are mostly encountered after simple cervical or lumbar discectomies or surgery for degenerative spine [3] . We aim to report and discuss the management of a patient with symptomatic IH, resulting from a dorsal dural tear occurring after the medial penetration of a thoracic pedicle screw during scoliosis surgery.
Case report
A 14-year-old female was referred to our clinic with a history of severe postural headache and vertigo starting in the morning and exacerbated in the afternoon, while relieved in the supine position. Her neurological examination was unremarkable. She had a history of posterior spinal instrumentation for scoliosis 3 months ago. She admitted that her symptoms started after she was discharged from the hospital on the postoperative 5th day. With these symptoms and additional tinnitus, she was diagnosed as having migraine by a neurologist and analgesic treatment was given, which did not relieve her symptoms. We initially performed a cranial magnetic resonance imaging (MRI) with and without gadolinium injection, which revealed nothing abnormal including pachymeningeal enhancement (Fig. 1) . Due to the presence of a spinal instrumentation history and classical symptoms of IH, we performed a CT myelography, which demonstrated that the right pedicle screw at the same level has been penetrating and transversing the dura and embedding into the vertebral column (Fig. 2a, b) . However, the point of leakage could not be visualized due to artefact. The opening pressure of the CSF was recorded as 3 cm H 2 0. We further performed a radionucleoid cisternography (RC), which revealed the leakage of the radionucleoid material into the paravertebral area at the level of T3-T4 (Fig. 3a) . She was then operated on and the right screw at the level of T3-T4 was repositioned. After partial laminectomy, the dural tear was closed with patches of allograft dura (Tutoplast Ò ), reinforced with extradural application of a synthetic dural sealant (Duraseal Ò ). The operation was terminated after the application of a lumbar drainage catheter. Postoperatively, there was significant improvement in clinical symptoms especially after the postoperative 2nd day. She was immobilized until day 4 and discharged from the hospital on the postoperative 8th day. The control RC at the postoperative 18th day revealed no leakage (Fig. 3b) . The patient is on regular follow-up and on the 9th month of control she had no symptoms.
Discussion
Pedicle screw placement in the thoracic spine in scoliosis surgery requires meticulous caution and considerable experience in order to avoid the complications. In 4,369 scoliosis cases treated by posterior instrumentation and fusion, dural tear was reported in 8 cases (0.18%) [1] . Although rare, serious subsequent complications following dural tear such as cerebellar hemorrhage and pneumocephaly, which may be related to IH, have been reported [7] . A meticilous review by Inamasu and Guiot from 1966 to 2005 disclosed only nine IH cases with spinal pathology, of which six were after a posterior or thoracic discectomy and the remaining were after an anterior thoracic spine surgery [3] .
The diagnosis of IH may not always be easy as it shares common signs and symptoms with more frequently observed conditions. For instance before being referred to our clinic, the patient was treated for migraine. Despite the improvements in diagnostic modalities, the early diagnosis still depends on the clinician's foresight. Although it is reported that the majority of the IH cases show diffuse meningeal enhancement on cranial MRI [2] , there are cases reported in which no enhancement is encountered and enhancement should not be regarded as an absolute finding of IH [6, 8] . In the present case, cranial MRI also revealed nothing abnormal, but the clinical picture and the past medical history forced us to think that this might be a secondary IH case. Precise determination of the level of CSF leakage is crucial in planning the treatment approach. Currently diagnostic modalities such as CT myelography, MRI myelography and RC are the most commonly used methods [4, 9] . We performed CT myelography as the initial diagnostic modality, but failed to visualize the leakage point probably due to the artefact effect of rods and screws. The detection of the exact point of leakage at T3-T4 level was only possible with RC.
The treatment options for spontaneous IH such as conservative treatment with bed rest and administration of fluid and analgesics may apply to IH cases subsequent to spinal instrumentation. Although the symptoms may be improved, the relief is usually transient and a more aggressive treatment targeting the definite cause is required. For instance, surgical repositioning of the malpositioned screw and direct repair of the dural leakage point in the case described provided permanent relief of symptoms.
In conclusion, in patients with persistent postural headache after spinal surgery, IH must be ruled out and knowledge of this entity is essential to spine surgeons in order to prevent life threatening complications. Absence of dural enhancement on cranial MRI does not exclude IH diagnosis and further investigations must be carried out if the clinical symptoms and signs predominate. Due to the risk of artefact interference in other diagnostic modalities, RC can be initially performed for demonstrating the leakage site. The treatment must be directed towards the exact cause for obtaining sufficient results. Fig. 3 Preoperative RC (a) shows radionucleoid leakage to the paravertebral area at the T3-4 level. b RC study 18 days after the operation demonstrates no leakage
